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Digital command and control systems have contributed to the success of the U. S. 
military in combat in recent years.  Force XXI Battle Command Brigade and 
Below (FBCB2) and Blue Force Tracker are examples of systems that have 
provided an advantage on the battlefield.  However, interface design of these 
systems has not been optimal, especially when they are employed in high stress 
and mobile environments.  The present study examined the effects of input 
device (touch screen or trackball), button size (small, medium, large), and road 
conditions (still, highway, off-road) on performance.  The dependent variables 
were accuracy, reaction time, and motion sickness.  The experimenters tested 
seven undergraduate freshmen from the U.S. Military Academy.  The data show 
that a touch screen monitor with large button size is optimal for moving vehicles.  
These findings have important implications for the design of human-machine 




Command and control (C2) technologies are 
constantly improving the way that American forces are 
able to communicate on in combat.  Technologies such 
as the U.S. Army’s Force XXI Battle Command Brigade 
and Below (FBCB2) give commanders the ability to 
allocate resources and manage them according to the 
situation they see on their displays.  While this 
technology is extremely beneficial to the commander 
sitting in a headquarters or at a stationary position, this 
same system becomes problematic when the human – 
machine interaction is performed in a moving vehicle.  
To address this issue, the current research examined the 
impact of input device type, button (or icon) size, and 
road condition on performance.  Given the potential for 
violent motion in ground vehicles, on board ships, or in 
aircraft during military operations, determining the 
appropriate design parameters for button size and input 
device is critical to human performance and mission 
accomplishment. 
 Most of the current C2 systems utilize 
either touch screen or mouse input devices.  
Comparisons of these input devices show little 
difference between them (Sears & Shneiderman, 1991).  
However, Sears and Shneiderman found that touch 
screen devices allowed users to pinpoint targets one-
fourth the size of a single character.  Their research also 
showed that touch screen inputs were generally faster 
than those of a mouse.  Pak, McLaughlin, Lin, Rogers, 
& Fisk (2002) found that touch screen technology was 
the preferred method of input for tasks in a mobile 
environment because it appeared to give users more 
control than a mouse.  The vehicle motion resulted in 
participants being both slower and less accurate with a 
mouse.  While touch screen technology allows for a 
quicker reaction time and positioning of the cursor, 
Shannis & Hedge (2003) found that the mouse was often 
preferred because users were more familiar with it. 
Sears and Shneiderman (1991) also tested three 
selection strategies: land-on, first-contact, and take-off.  
Of the three, the take-off strategy was determined to be 
the method that yielded the highest accuracy.  Research 
conducted by Colle & Hiszem (2004) support these 
findings.  They determined that the lift-off response 
criterion permitted more accurate entry with smaller key 
sizes. 
Button or icon size is also an important 
consideration in display design.  Large buttons reduce 
selection errors but consume valuable display real estate.  
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Small buttons conserve real estate but lead to slower 
response times and an increase in errors.  The present 
research tested three different button sizes to determine 
the appropriate button dimensions to yield the most 
effective interaction with the least error.  Observations 
by Endsley (2005) found that users preferred to position 
their hands on the side of a touch screen monitor while a 
vehicle was in motion in order to stabilize themselves.   
As the research cited above indicates, the design 
characteristics of displays and input devices used in 
mobile digital C2 systems will affect performance.  
There are other issues that affect performance in mobile 
C2 systems.  One important factor is the amount of 
motion experienced by users of mobile C2 systems.  
Research conducted by Hill, Stachowiak, & Tauson 
(1999) estimates soldier performance on cognitive tasks 
to be degraded by as much as 30% as a result of the 
effects of vehicular motion in a closed compartment.  
Hill, et al. determined that motion sickness-type 
symptoms were caused merely by participants viewing 
information displayed on computer screens. 
In addition to the motion sickness observed by a 
variety of researchers (Cowings, Toscano, DeRoshia, & 
Tauson, 1999; Hill, et al., 1999; Stanney, Kingdon, 
Graeber, & Kennedy, 2002), Cowings, et al. (1999) also 
found participants experienced mood changes which 
were attributed to vehicular motion.  Higher amounts of 
vehicular vibration and noise have also been shown to 
have unfavorable effects on performance (Schipani, 
Bruno, Lattin, King, & Patton, 1998).   
Based on the previous work cited herein, the 
researchers in this present study examined the effects of 
input device, button size, and road condition on 
performance.  Since designers of future C2 systems are 
considering the use of trackballs as input devices, 
trackballs were compared with touch screens.  Three 
button sizes (small, medium, and large) were considered.  
The exact button dimensions used in this study were 
decided upon in conjunction with the designers of the 
Army’s Future Combat System C2 displays.  The road 
conditions tested (still, highway, and off road) are 
consistent with the types of motion that military ground 
commanders often encounter in operational settings.  It 
was expected that performance would be better with the 
touch screen monitor than with the trackball and that 
performance would be best with the largest button size.  
Furthermore, motion would have an adverse affect on 
performance.  The researchers also expected to see a 
significant interaction among the variables.  Specifically, 
it was expected that the off road condition would interact 






 The participants included seven freshmen males 
at the United States Military Academy (USMA) enrolled 
in a general psychology course.  They were between the 
ages of 18 and 22.  All participants were awarded extra 
credit for their participation. 
 Participants were treated in accordance with 
ethical standards established by the American 
Psychological Association.  The research methods used 
in this experiment were approved by the U.S. Military 




 The experiment was conducted in a M1038A1-
series High Mobility Multi-Wheeled Vehicle 
(HMMWV).  Participants executed a series of E-Prime 
programs on a Dell Latitude C600 Laptop, with an Intel 
Pentium III 574 MHz processor, 256 MB of RAM, and 
the Microsoft Windows XP with Service Pack 2 
operating system.  The input devices included a Dell 
E153FPT 15-inch touch screen monitor (set to use a lift-
off selection strategy) with a resolution of 1024 by 768 
and a Kensington Expert Mouse Pro Trackball.  The 
touch screen was secured using industrial strength 
Velcro and zip ties.  The trackball was not secured or 
fastened; participants could hold the trackball in any 
orientation that was comfortable.  The experimenters 
powered the laptop and touch screen monitor by hooking 
up a 24 volt DC to AC 900 watt inverter to the 
HMMWV battery.  A Mini-Mitter Actiwatch Monitor 
was used to measure motion and vibration level, and was 
attached to the radio inside of the HMMWV.  Figure 1 
shows how the equipment was set up inside the 
HMMWV. 
 
 The experimenters used E-Prime Version 1.1 
from Psychology Software Tools, Inc. to create a series 
of programs used by the participants.  The programs 
included a title slide, a set of instructions, a large button 
trial, a five second break, a medium button trial, another 
five second break, and finally the small button trial.  
Numbers 1-10 were listed as buttons on the left side of 
the screen and numbers 11-20 were listed on the right 
side.  A number between 1 and 20 appeared in the 
middle of the screen and the participants had to select 
the corresponding button.  The E-Prime programs 
automatically recorded response time and accuracy data.  
Response time was the difference between the time that 
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the number appeared in the middle of the screen and the 
time the participants selected and lifted their finger off of 
the corresponding button.  Accuracy was determined by 
whether the lift off occurred on the correct button versus 









 The experimenters conducted a safety briefing 
and orientation within the HMMWV for each 
participant.  The participant sat in the front passenger 
seat of the vehicle. The experimenters explained the task 
that the participant would perform, how to operate the 
touch screen monitor with the lift-off selection strategy, 
and how to operate the trackball.  The participants then 
executed the experiment and were subject to all eighteen 
possible combinations of the independent variables.  The 
driver maintained a speed of approximately 25 miles per 
hour during the highway condition and approximately 
10-15 miles per hour during the off-road condition.  
After participants finished each moving condition 
(highway and off-road), they completed a motion 
sickness questionnaire.  The motion sickness 
questionnaire administered not only had a total motion 
sickness score, but also included four sub-scales for 
sopite syndrome and the gastrointestinal, central, and 
peripheral systems (Giannaros, Muth, Mordkoff, Levine, 
& Stern, 2001). 
The experiment was a within-groups (repeated 
measures) design.  The independent variables for the 
experiment were: input device (touch screen or 
trackball); button size (small [9 mm x 6 mm], medium 
[11 mm x 8 mm], large [15 mm x 11 mm]); and road 
condition (still, highway, off-road).  The dependent 
variables included accuracy (as a ratio of correct 
responses to total responses), response time (in 
milliseconds), and motion sickness.  The order of 




 The data from the Actiwatch monitor revealed a 
significant difference in the motion and vibration levels 
among the three road conditions, F(2, 5) = 65.838, p < 
.05 (see Figure 2). 
 
Figure 2.  Vehicle motion as measured by actigraphy in 
the three road conditions. 
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 For motion sickness, there was a significant 
difference between the highway and off-road conditions 
in the overall score (t(6) = -2.515, p < .05), 
gastrointestinal score (t(6) = -2.864, p < .05), and the 
peripheral score (t(6) = -2.828, p < .05).  No significant 
difference was found in the central and sopite scores. 
 
 
Figure 3.  Significant interaction between input device 
and road condition (motion) for accuracy. 
 
For accuracy, significant main effects were 
found for road condition, F(2,5) = 136.99, p < .001, and 
button size, F(2,5) = 24.97, p = .004.  There was no main 
effect for input device.  A significant interaction was 
found for input device and road condition, F(2, 5) = 
55.47, p = .001 (see Figure 3) and for button size and 
road condition, F(2, 5) = 35.53, p = .002 (see Figure 4). 
 
 
Figure 4.  Significant interaction between button size 
and road condition (motion) for accuracy. 
 
For response time, a significant main effect was 
found for input device, F(1, 5) = 44.23, p = .001, for 
road condition, F(2, 5) = 11.21, p = .02, and for button 
size, F(2, 5) = 12.53, p = .017.  A significant interaction 
were found for input device and road condition, F(2, 5) 
= 7.44, p = .04 (see Figure 5). 
 
Figure 5.  Significant interaction between input device 




 The experimental results partially support 
previous studies with respect to input devices and 
motion sickness.  The motion measured by the 
Actiwatch in the three road conditions (still, highway, 
and off road) indicated that the conditions were 
significantly different from one another.  Activity counts 
ranged from near 0 for the still, to an average of 155.42 
for the highway condition, and to an average of 451.33 
for the off-road condition.  Most of the participants 
reported some degree of motion sickness in the off road 
condition due to the combination of vehicular movement 
and the experimental task they performed.  
gastrointestinal and peripheral symptoms were also 
significant while the central and sopite symptoms were 
not. 
The touch screen yielded faster responses than 
the trackball, but there was no main effect for accuracy.  
Participants responded, on average, 776 milliseconds 
faster for the touch screen than the trackball.  It was 
determined that the off road condition had a more 
detrimental effect on accuracy than the other road 
condition when participants were using the trackball but 
less of an effect when they were using the touch screen.  
This difference is most likely due to the fact that in the 
touch screen conditions participants gripped the side of 
the touch screen monitor.  This provided more stability 
for the participants as the vehicle traversed the rough 
terrain. 
As predicted, accuracy and timeliness improved 
as button size increased.  In addition, the largest button 
size yielded the best accuracy in the off road condition.  
Smaller button sizes proved problematic for the 
participants in the off road condition.   
This study suggests three important implications 
for designers of C2 systems to be used in mobile 
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environments.  First, button size matters.  Smaller 
buttons save real estate but will result in a high 
percentage of errors and a great deal of frustration for 
operators.  It would be better to utilize larger (or perhaps 
multiple) screens than to shrink buttons or icons.  
Second, a touch screen appears to be a better input 
device than either a mouse or a trackball when the C2 
system experiences significant motion or vibration.  
However, for those periods when the vehicle is 
stationary, operator may prefer (and experience less 
fatigue) with a mouse or trackball.  Third, the sickness 
induced by vehicular motion is a problem that must be 
addressed.  Prolonged periods of movement across 
irregular terrain, over rough seas, or through turbulent 
skies in closed compartments will result motion sickness 
which may be debilitating.  Thus far, designers have had 
only marginal success in alleviating the impact of such 
movement on performance. 
 Future research should focus on investigating 
other tasks inherent in a digital C2 system in a mobile 
environment.  A few suggestions include the use of pull-
down menus, typing tasks, and clicking, dragging, and 
dropping tasks.  Other studies should investigate the 
impact of wearing cold weather clothing or nuclear, 
biological, and chemical protective equipment and the 
effects of prolonged motion and fatigue on performance.  
This present study, as well as these proposed studies will 
give designers the information they need to develop 
mobile C2 systems that can be used successfully by our 
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